Objective: We evaluated patterns of surgical care and their association with overall survival among a contemporary cohort of women with stage IV breast cancer. Background: Surgical resection of the primary tumor remains controversial among women with stage IV breast cancer. Methods: Women diagnosed with clinical stage IV breast cancer from 2003 to 2012 were identified from the American College of Surgeons National Cancer Database. Those with intact primary tumors who were alive 12 months after diagnosis were categorized by treatment sequence: (1) surgery before systemic therapy, (2) systemic therapy before surgery, and (3) systemic therapy alone. Multivariate logistic regression was used to estimate the association of treatment sequence with surgery type. Overall survival was estimated using multivariate Cox proportional hazards models. Results: Among 24,015 women, 56.2% (13,505) underwent systemic therapy alone and 43.8% (10,510) underwent surgical resection. Rates of surgery decreased slightly over time (43.1% in 2003 to 41.9% in 2011). Treatment with systemic therapy before surgery was associated with larger tumor size (median 4.5 vs 3.1 cm, P < 0.001) and receipt of mastectomy (81.4% vs 52.2%, P < 0.001) when compared to those who underwent surgery first. Receipt of surgery, whether before or after systemic therapy (Hazard Ratio, 0.68; 95% confidence interval, 0.62-0.73; Hazard Ratio, 0.56; 95% confidence interval, 0.52-0.61; P < 0.001), was independently associated with improved adjusted overall survival when compared to systemic therapy alone. Conclusions: Surgical resection of the primary tumor occurs in almost half of women with stage IV breast cancer alive 1 year after diagnosis, and is increasingly occurring after systemic therapy. Coordinated multidisciplinary care remains highly relevant in the setting of metastatic breast cancer, where surgical decisions should be made on an individual basis and may affect survival in select women.
B
reast cancer is the most common cancer diagnosis and the second leading cause of cancer-related death among women in the United States. Approximately 5% of breast cancer patients present with metastatic disease at the time of diagnosis. 1 Stage IV breast cancer remains incurable, and survival in this population is driven by the progression of distant disease. Consequently, systemic therapy has remained the cornerstone of treatment, and the role of local therapy remains controversial. The National Comprehensive Cancer Network recommends that surgery of the primary tumor be reserved for women with stage IV breast cancer that have completed systemic therapy with ''impending complications, such as skin ulceration, bleeding, fungation, and pain.'' 2 Despite these recommendations, studies have shown that surgical resection of the primary tumor occurs in up to 50% of women with metastatic disease. 3 Many large national and single-institution observational studies have suggested that surgical removal of the primary tumor may improve survival among women with stage IV breast cancer. [3] [4] [5] [6] [7] [8] [9] Critics have questioned the quality of these studies, and suggested that this association may be the result of significant bias. This includes the possibility that (1) healthier stage IV patients are offered surgery, while patients with poor projected survival are not (selection bias), (2) stage IV breast cancer patients may include women diagnosed either early by modern imaging (lead time bias) or shortly after surgery (stage migration bias), and (3) surgery may be a surrogate for more aggressive multimodal therapy (treatment facility bias). Retrospective series have therefore been viewed as hypothesis-generating, and the breast oncology community has turned to prospective randomized clinical trials to address these concerns.
Initial reports from prospective studies by Badwe et al 10 and Soran et al 11 failed to demonstrate a survival benefit among de novo stage IV breast cancer patients who underwent surgical resection of the primary tumor; however, these findings were criticized for a disproportionate inclusion of patients with advanced metastatic disease, insufficient systemic therapy regimens, and treatment sequences that did not match contemporary practices. 12 In March 2011, the Eastern Cooperative Oncology Group opened a phase III multicenter, prospective, randomized trial (ECOG 2108) to compare surgical resection of the primary tumor to standard therapy in patients with stage IV breast cancer. Results from this trial are expected in June 2025.
Potentially biased observational data and imperfect clinical trials have left uncertainty about the role of surgery in women with metastatic breast cancer in the current age. Thus, we evaluate national patterns of care, and the association of treatment sequence and surgery with overall survival in a contemporary cohort of women with de novo stage IV breast cancer.
METHODS
Following institutional review board approval, we identified women diagnosed with de novo stage IV breast cancer between 2003 and 2012 from the American College of Surgeons National Cancer Database (NCDB). The NCDB captures approximately 70% of all cancer diagnoses in the United States, including clinical and demographic data from more than 30 million patients in more than 1500 cancer registries. 13 Women with unavailable treatment sequence data were excluded from the analysis. In order to exclude patients who may have been unresponsive to chemotherapy or had rapidly progressing disease, women who died within the first 12 months after diagnosis or had less than 12 months of follow-up from diagnosis were excluded. Per NCDB reporting requirements, survival data are missing for all patients diagnosed in 2012 (the last year of the associated database), and as a result these patients were also excluded. Subjects were categorized into 3 treatment groups: (1) surgery before systemic therapy, (2) systemic therapy before surgery, and (3) systemic therapy alone. Within the NCDB, stage IV breast cancer is coded according to the American Joint Commission of Cancer designation of clinical M1 disease. 13 Overall survival was defined as the time from diagnosis to death. Patients who were alive at last follow-up were censored at the date of last follow-up.
Baseline demographic, clinicopathologic, and treatment-level variables were compared across groups. The primary outcome was overall survival. Secondary outcomes included type of surgery, margin involvement, and utilization of radiation therapy (RT). Baseline characteristics and outcomes were compared in an initial univariate analysis using the chi-square test or analysis of variance, as appropriate. The Kaplan-Meier method was used to estimate unadjusted overall survival. A multivariate Cox proportional hazards model was used to estimate the hazard ratios for overall survival. To account for the correlation of patients treated at the same hospital, a robust sandwich covariance estimator was used in all survival models. Multivariate logistic regression models were used to estimate the association of treatment group with receipt of extended/ modified radical/radical mastectomy, simple mastectomy, or lumpectomy after adjustment for known covariates. To account for the correlation of patients treated at the same hospital, all logistic models were built in the generalized estimating equations framework with an exchangeable correlation matrix.
To account for women designated as M1 who may have been diagnosed with metastatic breast cancer shortly after surgery and not at diagnosis, a sensitivity analysis was performed using patients designated as both clinical M1 based on the American Joint Committee on Cancer (AJCC) coding, and as having documented known metastatic disease by site based on the included NCDB Collaborative Stage Data Set term CS Mets at Dx. 13 A total of 2499 (10.4%) patients from the original cohort were excluded when these combined criteria were applied.
Only patients with available data for all covariates were included in each model, and effective sample sizes are indicated for each table/figure. No adjustments were made for multiple comparisons. All statistical analyses were performed in SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS

Patient and Tumor Characteristics
From 2003 to 2011, 24,015 women with stage IV breast cancer met inclusion criteria and were included in the analysis (Fig. 1 
Patterns of Care and Treatment Sequence
Among the cohort of de novo stage IV breast cancer patients alive at 1 year, 56.2% (n ¼ 13,505) received systemic therapy alone and 43.8% (n ¼ 10,510) underwent surgery of the primary breast tumor. Of those, 19.0% (n ¼ 4552) underwent surgery before systemic therapy and 24.8% (n ¼ 5958) underwent surgery after systemic therapy. During the study interval, patients were more likely to undergo surgery after systemic therapy; these rates increased from 21.4% in 2003 to 24.9% in 2011, while rates of surgery first dropped from 21.7% to 17.0% (P < 0.001). Among women undergoing systemic therapy first, the median time from diagnosis to surgery was 6 months compared to 19 days for those undergoing surgery before systemic therapy.
Women undergoing systemic therapy before surgery were younger (median age 55 vs 60; P < 0.001), more likely to have private insurance (57.1% vs 47.2%; P < 0.001), have clinical T3 or T4 disease (59.1% vs 27.9%; P < 0.001) and have ER/PR negative invasive breast cancers (27.6%/41% vs 19.7%/31%; both P < 0.001) ( Table 1) . These women were also more often treated with mastectomy (radical/modified radical/simple) (81.4% vs 52.2%; P < 0.001), RT (56.1% vs 39.9%; P < 0.001), and chemotherapy (47% vs 38.1%; P < 0.001) when compared to women undergoing surgery first. Treatment characteristics are summarized in Table 2 .
After multivariable adjustment among women who had surgery, those undergoing systemic therapy before surgery were more likely to have undergone a modified radical/radical mastectomy [odds ratio (OR) 1.46; 95% confidence interval (CI), 1.32-1.61; P < 0.001) or a simple mastectomy (OR 1.93; 95% CI, 1.71-2.17; P < 0.001) compared to women undergoing surgery first (Table 3) . Notably, age less than 40 (OR 1.21, 95% CI, 1.02-1.43; P ¼ 0.03), larger tumor size (T4 disease; OR 3.26, 95% CI, 1.28-8.32; P ¼ 0.01), and higher rates of clinical node involvement (N3 disease; OR 3.19; 95% CI, 2.69-3.78; P < 0.001) were also associated with receipt of modified radical/radical mastectomy.
Survival Analyses
Unadjusted overall survival was greatest in women who underwent surgery after systemic therapy (median: 52.8 months), followed by surgery before systemic therapy (median: 49.4 months) and systemic therapy alone (median: 37.5 months) (logrank P < 0.001) ( Fig. 2 ; Table 4 ). After adjustment for known covariates including year of diagnosis, age, comorbidity index, clinical T/N stage, ER/PR status, margin status, metastatic site (bony vs other), receipt of RT as part of the primary treatment course, and type of surgery, risk of death was reduced among women undergoing surgery after systemic therapy [Hazard Ratio (HR) 0.56; 95% CI, 0.52-0.61; P < 0.001] and surgery before systemic therapy (HR 0.68; 95% CI, 0.62-0.73; P < 0.001) when compared to systemic therapy alone ( Table 5 ). Receipt of RT to either the primary and/or metastatic sites had no impact on overall survival (HR 1.01; 95% CI, 0.96-1.05; P ¼ 0.83). Of the total cohort, the majority received no RT (59.75%), followed by RT to the breast, chest, or regional lymph nodes (17.89%) and spine (9.19%) and extremity bones including the pelvis (4.36%). In contrast, those with bone-only metastatic disease (HR 0.83; 95% CI, 0.77-0.91), ERþ tumors (HR 0.79; 95% CI, 0.74-0.84), and/or PRþ tumors (HR 0.76; 95% CI, 0.72 -0.80) had improved overall survival (all P < 0.001).
Based on the results of our sensitivity analysis, 21,516 patients were designated as clinical M1 stage and were indicated as having metastatic disease at diagnosis based on both the cM1 code and the CS Mets at Diagnosis term. Clinicopathologic features were similar to the overall cohort. In this population, median time from diagnosis to surgery was 6.3 months (IQR 4.9-8.0) for women receiving systemic therapy before surgery, and 19 days (IQR 5-34) for women going to surgery first. These data are similar to the overall cohort analysis. Unadjusted survival among patients treated with surgery after systemic therapy (median: 52.2 months), surgery before systemic therapy (46.8 months), and systemic therapy alone (37.4 months, log-rank P < 0.001) was also very similar to our prior analysis. Adjusted results were also maintained in this cohort. After adjustment, risk of death was reduced among women undergoing surgery after systemic therapy (HR 0.58; 95% CI, 0.54-0.63; P < 0.001) and surgery before systemic therapy (HR 0.72; 95% CI, 0.67-0.79; P < 0.001) when compared to systemic therapy alone. Because the results were in agreement, we opted to present only data from the larger cohort.
DISCUSSION
Our study is the largest contemporary analysis to evaluate surgical resection of the primary tumor among women with stage IV breast cancer, and the association of modern treatment with overall survival. On evaluation of 24,015 women with metastatic breast cancer, we identified an overall slightly reduced rate of surgery among stage IV breast cancer patients from 43.1% in 2003 to 41.9% in 2011, with a higher frequency of women undergoing surgery after receipt of systemic therapy in more recent years. Our results demonstrate that among women alive 1 year after a diagnosis of metastatic breast cancer, surgical resection of the primary tumor was associated with improved survival, regardless of treatment sequence. The greatest benefit was seen among stage IV patients with ERþ breast cancer who underwent surgery after receipt of systemic therapy, regardless of the site of their metastatic disease.
In Although other series reported similar results, 4-7 the benefit of surgical resection itself was questioned. Data from Massachusetts General Hospital, Brigham and Women's Hospital, and Dana Farber Cancer Institute, demonstrated no difference in survival between women diagnosed with metastatic disease before surgery when compared to women treated with systemic therapy alone (median OS of 2.4 vs 2.36 years). 7 The authors concluded that these findings were related to lead-time bias. 7 Similarly, in a case-matched study using the National Comprehensive Cancer Network Breast Cancer Outcomes Database, survival was similar between metastatic patients treated nonoperatively and those who underwent surgery first.
14 Collectively, these data suggested that although surgical resection of the primary tumor may be associated with improved survival, the results were potentially confounded by significant bias and varied multimodal therapy.
Prospective registries and randomized clinical trials were designed to address these biases 10, 11 ; however, to date, randomized trial data have been criticized for inclusion of a disproportionate number of women with aggressive or advanced metastatic disease, use of nonstandard systemic therapy regimens, or inclusion of women with unconfirmed metastatic sites. 12 The Translational Breast Cancer Research Consortium 013 prospective registry compared women with stage IV breast cancer deemed as responders to chemotherapy; within this population, there was no demonstrated difference in 3-year survival with or without surgery, regardless of tumor subtype. 15 These findings suggest that improved survival may be related entirely to response to systemic therapy, and not at all from resection of the primary breast cancer. The Eastern Cooperative Oncology Group phase III multicenter, prospective, randomized trial (ECOG 2108) will compare standard therapy to surgery after receipt In the context of these prior reports, our study showed several important findings. First, despite national guidelines stating that surgery in stage IV breast cancer patients should be reserved for palliation alone, approximately 40% of women underwent surgical resection, consistent with observations from other series. 5, 7, 16 From 2003 to 2011, the overall percentage of stage IV breast cancer patients undergoing primary site surgery decreased slightly from 43.1% to 41.9%; however, surgery following systemic therapy increased from 21.4% to 24.9%. Notably, the median time to surgery was 6 months (IQR of 5-8 months). It is unlikely that women undergoing surgery during this time frame required palliative resection, and more likely that, for unknown reasons, surgical resection was included in the care of stage IV patients who were doing well after completion of chemotherapy.
In our study, the majority of patients undergoing surgery after systemic therapy were younger, privately insured, had fewer comorbidities, and underwent treatment at academic or comprehensive cancer centers. Furthermore, among the stage IV breast cancer patients undergoing surgery, those receiving systemic therapy first were more likely to have larger tumor sizes and clinically nodepositive disease (T stage 3/4, 59.1% vs 27.9%; N stage 2/3, 30.7% vs 22.8%, both P < 0.001). Accordingly, they were also more likely to undergo a modified radical mastectomy than breast conserving surgery, and had lower rates of positive surgical margins compared to women undergoing surgery first (P < 0.001). Interestingly, despite unclear evidence that surgery provides a survival benefit to women with metastatic breast cancer, the vast majority who underwent surgery was treated with a more invasive approach. Our survival analysis demonstrates the greatest survival benefit was seen in women treated with systemic therapy followed by surgery; unadjusted median survival was 52.8 months compared to 37.5 months for those undergoing systemic therapy alone, and 5-year overall survival was 45% compared to 28%. Given that we limited our cohort to women still alive at 12 months after diagnosis, our reported median overall survival is significantly higher than other series. 16 However, our reported effect size of surgery on OS (surgery before systemic therapy: HR 0.68; surgery after systemic therapy: HR 0.56) is similar to modern retrospective series. 7, 16, 17 Prior retrospective series reporting on this topic were criticized for potential bias confounding their results, which we attempted to control for in this study. 8, 9 We included only women who were alive at least 12 months after a diagnosis of stage IV breast cancer, in an attempt to control for early deaths in the systemic therapy alone group, theoretically excluding women with early and rapidly progressing terminal disease. We additionally compared patients by treatment sequence, focusing on the group that underwent surgery after systemic therapy, to better account for stage migration bias and mirror contemporary practice. In addition, our statistical analysis controlled for treatment facility bias, where surgery might be a surrogate for more aggressive multimodal therapy. In attempts to further control for remaining selection bias, we conducted a sensitivity analysis limiting the cohort to only patients with metastatic disease indicated by both a diagnosis of clinical M1 disease and confirmation of known site of metastatic disease, which found similar results.
According to the AJCC staging manual that guides NCDB coding, stage at diagnosis includes imaging and pathologic data collected within 4 months of diagnosis in the absence of disease progression or through completion of surgery, whichever is longer. The possibility of upstaging after surgery remains, and could account for our finding that women who went to surgery first did so at a median of 19 days after diagnosis. Unfortunately, outside of independent chart review, there is no way to know definitively if clinical stage IV disease was truly determined before surgical resection or in the early postoperative period. However, concerns about this selection bias leading to falsely improved outcomes after surgery are not supported by our findings. On the contrary, we found that women who went to surgery first had poorer overall survival despite having smaller tumors with clinically negative lymph nodes than those who received systemic therapy before surgery. Thus, selection bias resulting from postoperative upstaging does not entirely explain improved survival in women who underwent surgery after systemic therapy. Despite this, it is critical that we acknowledge the potential of remaining selection bias within this large observational study. Importantly, women who underwent surgery, either before or after systemic therapy, may have had unknown metastatic disease and were presumably healthy enough to do so. As a whole, these women likely differed from those who received systemic therapy alone.
Several limitations exist in our study that must be acknowledged. As this is a large database series, our study was limited by the available data. We were unable to determine why women with metastatic breast cancer went to surgery either before or after systemic therapy, and whether this was for palliation, local progression, or a result of shared decision making between women and their surgeons. This is significant given that surgery is not considered standard of care, and indications for operative intervention were likely varied in this cohort. In addition, we were unable to include Her2 status given that it was only reliably coded in the NCDB starting with patients diagnosed in 2010. This lack of data limits our ability to draw conclusions regarding differences among subgroups of women undergoing surgery at different time points, or changes in the incidence of surgery at the primary site over time. 
